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The increasing difficulty in obtaining brilliant cresyl
blue led us to search for another dye that might be used
for the vital staining of blood. After experimenting
with a large number of dyes, we finally adopted as the
most satisfactory, easily procurable, vital stain crystal
violet, pentamethyl pararosanilin hydrochlorid.1 This
dye, like brilliant cresyl blue, stains the leukocytes deep
blue. The platelets and the reticular substance of
young erythrocytes, which also are stained blue by
brilliant cresyl blue, are stained a deep lilac by crystal
violet. Hemoglobin is stained but faintly.

In the accompanying table are recorded the percen-
tages of reticulated cells in twenty-nine different cases
counted by Robertson's method,2 using both brilliant
cresyl blue and crystal violet. The two dyes give sub-
stantially the same figure in every case.3 In fresh
preparations, a rough estimate also may be obtained of
the number of platelets as satisfactorily with crystal
violet as with brilliant cresyl blue preparations.

Having demonstrated the efficacy of crystal violet as
a stain for-platelets, we endeavored to devise a method
for the counting of platelets. From experiences with
other methods of counting platelets (those of Wright
arid Kinnicut,4 Gram,5 Pratt6 and Ottenberg 7 ), we

became convinced that satisfactory counts are possible
only when these conditions are fulfilled : (1) The plate¬
lets must be discrete and evenly distributed; (2) they
must present sufficient characteristic morphology to
enable them to be readily identified, and (3) they must
be stained. To fulfil these conditions it is of the utmost
importance that the blood be obtained in a manner that
prevents the initial stages of coagulation from ocurring,
particularly thrombin formation, which, as Wright and
Minot 8 have shown, permits the coalescence and vis¬
cous metamorphosis of platelets. It is of importance,
secondly, that the diluting fluid contain a stain for plate-
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1. In our experience the penta dye has been more satisfactory than
the hexamethylpararosanilin hydrochlorid. We are indebted to the Will
Corporation, Rochester, N. Y., for specimens of this and other dyes
used in this work.

2. Robertson, O. H.: Experimental Plethora and Blood Production,
J. Exper. Med. 26:227 (Aug.) 1917.

3. At the suggestion of Dr. T. D. Cunningham we attempted to
superimpose Wright's stain on films stained first with crystal violet
after the method described by him (A Method for the Permanent Stain-
ing of Reticulated Cells, Arch. Int. Med. 26:405 [Oct.] 1920). Crystal
violet alone is not satisfactory for this purpose. If, however, a 0.3 per
cent, solution of crystal in 2 per cent, sodium tungstate solution (mor-
dant) is used, fairly satisfactory preparations may be made. They are

not, however, so clear as the preparations made with brilliant cresyl blue.
4. Wright, J. H., and Kinnicut, R. S.: A New Method of Counting

Blood Platelets for Clinical Purposes, J. A. M. A. 56:1457 (May 20)
1911.

5. Gram, H. C.: On the Platelet Count and Bleeding Time in Dis-
eases of the Blood, Arch. Int. Med. 25:324 (March) 1920. Thomsen,
O.: Direct Count of Blood Platelets, Acta Med. Scand. 53: 507 (Aug.)
1920.

6. Pratt, J. H.: Observations on the Coagulation Time of the Blood
and the Blood Plates, J. M. Res. 5:120 (Aug.) 1903.

7. Ottenberg, Reuben, and Rosenthal, Nathan: A New and Simple
Method for Counting Blood Platelets, J. A. M. A. 69:999 (Sept. 22)
1917.

8. Wright, J. H., and Minot, G. L.: The Viscous Metamorphosis of
the Blood Platelets, J. Exper. Med. 26:305 (Sept.) 1917.

lets, that it be isotonic, that it be microscopically homo¬
geneous^, and that it contain some substance capable of
preventing the formation of fibrin.

We believe that the technic and solution described
herein fulfil these conditions and, as evidence of the
efficiency of this method, we submit the table.

PROCEDURE,
Blood is obtained from a vein and allowed to flow into a

miniature transfusion tube, evenly paraffined, attached to a

paraffined hypodermic needle, of 18 gage. The tube that we
use is similar to the one described by Lee and Vincent," and
has a capacity of about 6 c.c. As the blood wells up in the
tube, the tip of a "red count pipet" is introduced and blood
drawn up to the 0.5 mark. The pipet is then immediately filled
with the diluting fluid to the 101 mark and shaken for three
minutes. A drop from this pipet is then mounted in a Turk
counting chamber in the usual manner. At the end of three
minutes a red count may be made. At the end of five minutes
a white count may be made, counting 9 square millimeters of
the field and using the high dry objective. When the specimen
has stood for twenty minutes, all the platelets will have
"settled" and a platelet count may then be made, using again
the high dry objective and counting 4 square millimeters of
the field. A second, and, if need be, a third drop is similarly
counted and the average of the counts taken. Red, white, and
platelet counts may be made as long as four hours after the
taking of the specimen.

THE DILUTING FLUID

Six gm. of glucose and 0.4 gm. of sodium citrate are dis¬
solved in 100 c.c. of distilled water, and the solution is filtered.
To this are then added about 0.02 gm. of toluene red, dimethyl-
diamidotoluphenazin, sometimes also called "neutral red."
Solution is slow but ultimately clear. To this is then added
0.1 gm. of crystal violet, and the solution is gently heated
to 60 C. and held at that temperature for five minutes. It is
allowed to cool slowly to room temperature and centrifuged
for ten minutes at 2,000 revolutions a minute. The super¬
natant liquid is then filtered twice, each time through three
thicknesses of No. 30 Whatman filter paper (dry). The
solution is preserved by adding 0.2 c.c. of formaldehyd solu¬
tion and then keeps indefinitely.

COMMENT
The Procedure.—Just what the first change is that

takes place after blood leaves a vessel and just how
soon that change occurs has never been determined.
Yet, it is generally conceded that the coalescence of
platelets is a very early change and a change that is
irreversible. This change may be retarded to some
extent by the addition of anticoagulants and by dilution.
It is hastened by admixture of tissue juice which, by
permitting the formation of thrombin, causes a clump¬
ing of platelets. Blood obtained in the manner described
above is as unaltered as can be obtained and contains a
minimal admixture of tissue juice. The method gives
uniform results. Blood obtained from the ear in such
a manner as to give a uniform flow yields usually, but
by no means always, satisfactory specimens.

We recommend the use of a paraffined tube not only
for purposes of platelet counting but also because it
furnishes a convenient method of obtaining unaltered
blood which may be used for determining coagulation
time, and for making subsequent observations on the
quality of the clot,10 data that are often desired in cases
in which platelet counts are done. If the tube is
rinsed with cold water as soon as the blood has been
allowed to run out, it may be used repeatedly without
reparaffining.

9. Lee, R. I., and Vincent, Beth: The Coagulation of Normal Human
Blood, Arch. Int. Med. 13:398 (March) 1914.

10. Lee, R. I., and White, P. D.: A Clinical Study of the Coagula-
tion Time of Blood, Am. J. M. Sc. 145:495 (April) 1913.
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The Solution.—A solution of crystal violet in water
behaves as an electropositive suspensoid. The dye is
easily precipitated by electrolytes, and is separable from
the dispersion medium (water) by capillary analysis
(i. e., it is adsorbed by filter paper). It also is catho-
dophilic and is coagulated by the addition of colloidal
arsenous sulphid (electronegative). The addition of
sodium citrate in quantities greater than 0.5 per cent,
precipitates the dye completely. In smaller quantities,
sodium citrate has no obvious influence on'the dye and
is effective in preventing the formation of thrombin,
which would produce small strands of fibrin. The
solution is rendered isotonic by the use of glucose,
rather than a salt, in order to avoid electrolytic precipi¬
tation of the dye.11 Toluene red is added for the purpose
of staining the red cells.

It is a curious phenomenon that this solution, after
one filtration through three thicknesses of filter paper,
though microscopically homogeneous and though stain¬
ing the platelets deeply, nevertheless frequently permits
clumping of the platelets. From certain studies, not
yet reported, which we have made on the colloidal
properties of platelets, we believe this clumping is asso¬

ciated with an antagonistic action of the colloidal crystal
violet. Further filtration, although it removes a con¬

siderable part of the dye and yields a fluid which stains
the platelets less intensely, nevertheless always obviates
the clumping phenomenon. We have had to be con¬

tented, therefore, for the present, with a solution that
stains the platelets less intensely than could be desired,
but which, nevertheless, stains them sufficiently well to
enable one readily to distinguish them, not alone by
their morphology, but also by their characteristic blue
color. In carefully prepared specimens the platelets
appear as discrete, uniformly distributed, pale blue, oval
bodies, about one-sixth to one-third the size of a normal
erythrocyte. Their cytoplasm is very finely granular,
their periphery slightly irregular, and they show clearly
the apron-like appendage that is so characteristic of
platelets.

The Results.—In the table are recorded the»results of
simultaneous platelet counts made in thirty-six cases by
three methods, namely, Pratt's, Ottenberg's and our

method. In twelve other cases, in addition to these
three methods, Gram's method and Wright and Kinni-
cut's method also were used. The counts obtained by
the various methods as a rule do not differ substantially
from one another, especially when one considers that,
at its best, platelet counting is hardly more than an

.

approximate procedure. Our method yields counts
generally slightly higher than those obtained by the
other methods, and especially so when the number of
platelets is great. We regard this fact as very impor¬
tant. Even slight clumping inevitably reduces the plate¬
let count obtained in a given specimen. Moreover,
other things being equal, the greater the number of
platelets, the more readily are they clumped. If, then,
a series of counts is simultaneously done by different
methods on a given specimen of blood, and if due care

istaken in the preparation of the mount to exclude dust
and other extraneous matter, the highest count will pre¬
sumably be the most nearly correct one. That is to say,
other things being equal, a high count is evidence of
absence of clumping; a low count suggests clumping,
even though no clumps are observed. Counts obtained

11. In our earlier work we attempted to use urea in place of glucose
for the purpose of rendering the solution isotonic. Solutions made up
with urea permit the laking of the red corpuscles, as red corpuscles,
in the absence of electrolytes, are permeable to urea. Compare Ham-
burger: Osmotischer Druck und Ionenlehre, Wiesbaden, J. F. Berg-
mann 1: 206, 1904.

by our method more nearly parallel those obtained by
Pratt's method than those obtained by any of the other
methods that were used.

In seventeen cases, simultaneous counts of platelets
were made with our solution, obtaining blood from
both vein and ear. The platelet counts made from ear

blood are in agreement with those made on venous
blood. However, whereas venous blood obtained as

described above may always be depended on to yield a

satisfactory specimen, it frequently happens that in ear
blood specimens, clumping of platelets occurs. Such
specimens, of course, invariably yield low counts. It is
our opinion, however, that when a satisfactory (i. e.,
unclumped) ear blood specimen is obtained, by our
method the resulting count is as near the true count as

is that obtained from venous blood.
Simultaneous counts of red cells and white cells were

made in thirty-five cases for the purpose of comparing
the counts by our method with the counts obtained by
the standard methods now in use. With respect to both
red counts and white counts the results obtained are

substantially the same by both methods.
SUMMARY

By this method for the simultanous determination of
platelets, red cells and white cells, uniformly satisfac¬
tory preparations of platelets may be readily made and
the platelets easily counted. It gives results for all
three of the formed elements of the blood which closely
parallel those obtained by standard methods.

SODIUM CITRATE TREATMENT OF
THROMBO-ANGIITIS OBLITERANS

WILLIAM A. STEEL, M.D.
PHILADELPHIA

Thrombo-angiitis obliterans (Buerger's disease) is
an inflammatory disease of the blood vessels of
unknown origin. It affects all the coats of both arteries
and veins. It begins usually in the blood vessels of the
legs below the bifurcation of the popliteal artery, and
from here spreads by continuity or appears indepen-
dently in other vessels. It has a tendency to periodic
relapses, and ends fatally when some important vessel,
such as the renal or a large visceral artery, is attacked.
In this country it is almost entirely limited to middle
aged, male members of the Jewish race of Russian
origin, but is said to be prevelant in Japan, where it is
called "the gangrene of the young."

PATHOLOGY

The pathologic picture is primarily that of an acute
inflammatory lesion of the intima with an occlusive
thrombosis. This is followed by organization and
canalization of the clot, with disappearance of the
inflammatory products, and finally by a periarteritis
which may bind firmly together artery, venae comites
and accompanying nerves. The pathologic process is
of such a character as to suggest a microbic origin. It
has a tendency to self cure, shown by the attempted
establishment of a compensatory circulation both by
anastomotic routes and by the vascularization of the
occluding thrombus.

SYMPTOMS
The symptoms are due to the gradual shutting off of

the arterial blood by the occluding thrombus. The first

Read before the Philadelphia County Medical Society, Dec. 22,
1920.
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